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micromechanics revealing a nanoindentation size effect in
“bio-metals”
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Abstract. The Nix—Gao nanoindentation size effect [1] — according to which the square of hardness
varies inversely with indentation depth is widely recognized as a defining characteristic of crystalline
metals and is commonly attributed to the accumulation of dislocations, i.e., line-type defects within
the atomic lattice.

Recent work has shown that an analogous behavior also occurs in a fundamentally different class of
materials: metal-coordinated proteins forming the jaws of several bristle worm species [2]. Building
on this observation, the present study offers a systematic analysis of the jaw midplane (as opposed to
the surface) of Perinereis cultrifera. Nanoindentation experiments were carried out at six indentation
depths across eleven selected locations spanning both the central and tip regions of the jaw.

For both regions, the measured hardness—depth relationships follow the Nix—Gao scaling law typically
associated with strain-gradient plasticity. Furthermore, the experiments suggest the presence of an
elastic size effect. This finding is interpreted using concepts from manifold micromechanics: localized
microscopic volume forces of Peach—Koehler type [3], acting at dislocation-like folds within the ion-
coordinated protein network, generate pronounced macroscopic strain gradients at the scale of a
representative volume element of the ion-reinforced protein matrix.

Because these ancient biological materials combine polymer-like and metallic characteristics in an
unusual way, we propose the term bio-metals and consider them a promising emerging topic in
biophysics and bioengineering.

References

[1] W.D. Gao and H. Gao, Indentation size effects in crystalline materials: a law for strain gradient
plasticity, J. Mech. Phys. Solids 46 (1998) 411-425.

[2] L. Zelaya-Lainez, G. Balduzzi, O. Lahayne, K.N. Ikeda, F. Raible, C. Herzig, W. Nischkauer, A.
Limbeck, C. Hellmich, Jaws of Platynereis dumerilii: Miniature biogenic structures with hardness
properties similar to those of crystalline metals, JOM 73 (2021) 2390-2402.

[3] M. Peach and J.S. Koehler, The forces exerted on dislocations and the stress fields produced by
them, Phys. Rev. 80 (1950), 436-439.


mailto:stefan.scheiner@tuwien.ac.at

